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LUMINESCENCE FROM SELF-TRAPPED HOLES IN MANGANESE-DOPED
CALCIUM FLUORIDE SINGLE CRYSTALS

M. S. JAHAN,* D. W. COOKE,** and C. ALEXANDER, Jr.1

*Department of Physics, Memphis State University, Mempais, TN 38152, U.S.A.; "*Los Alamos National Lab-

aratory, Los Alamos, NM 87545, U.S.A.; 1Dcpurtment of Physics and Astronomy, The University of Alabama,
University, AL 35486, U.S.A.

Thermally stimulated luminescence (TSL) aund clectron spin resonance (ESR) measurements on X-irradiated
CaFa:\Mn (0.1 wt.%) single crystals have been conducted in the interval 70 to 300 K. Prominer.t TSL pesks
occur near 150 K (345- and 495-nm emission) and 200 KX (predominantly 495-nm emission) with thermal decay of
ESR recuters at these same temperatures. Taken collectively the data suggest that 150 X TSL emission is due to
mobile holes from Vj; centers recombining with both trapped clectrons and Mn* ions, i.e., Vjr + ¢~ — 345-nm
erission, and Vir + Mn* = (Mn?*)* + hv (495-um emission). Additionally, H centers are formed by transforma-
tion of Vy; centers. At 200 K, holes from H centers recombine with Mn* to produce excited-state (Mn?*)* which
decays by emitting 495-nm radiation,

1. INTRODUCTION
Previous TSL work! on CaF3:Mn has shown that
in the interval 77 to 300 IX the most invense glow oc-

investigation. Irrodiation was provided by an x-ray
muachine operating at 40 kVp and 25 mA with an ex-
posure rate ot the sample site cf 1.4 x 10 R min™!
(0.36 C kg~ 'inin~!). ESR data werc taken on both
X-band (v ~ 9 GHz) and K-band (v ~ 25 GHz) spee-
trometers. Isochronal thermal annealing of the ESR
signals was performed by warming the sample to a se-
lected temperature and maintaining that value for a
given time period. Subsequently the sample was cooled
to 70 K and the resulting spectra recorded. Bandpnss

curs near 200 K. Predominant ewission is chiaracterized
by i nearly Gaussinn-shaped peak with maxinuim at
495 nu, and is attributed? to the deexcitation of an
exeited Ma?t jon [(Mu®*)® — Ma?* 4 he (495 nm)).
Optical nhsorption studies® in the snme (emperature
intervan have identified n hand ot 450 «un which ther-
wnlly decays w2000 I8 nned s nssocinted wivh Mot

ons, FSR experimeatst onirradinted CalP:Na also [ilters: were uwed i conjunction with o high pressuaee

nmercury-vapor lamp (500 W) to provide selective pho-
tobleaching of the resonanee signnls.

showed that Mot resonanee signals therundly decayed
at 200 K. These results supgested that 200 TS was
due to mobile holes from M centers recotnbining with
Mot jons vieldiag 495 nm emission I nddition Lo

3. RESULTS AND DISCUSSION

the Mut FESR sigual, n second resonance whicli ther
mnldly decayed nene 150 K was observed hut not iden:
tified, T the present work we present 'T'SL and EST
duta which shiow that thennl deeny of this ESI signal
is correlnted with the 150 TS glow penk and that
recombinntion lnmineseence involves self teapped holes
(17 centers),

2. EXPERIMENTAL
Sinple erystals of Caly contnining, 0.1 1 0,01 wt %
M, obtnined from Optovie, ey, were ased i this

* Hll]llmllm' ||_\' the Naval Suiface \\'|'|||m||-. Center,
' H'l'llllll'l‘ll II\ the V.S, D ()."'.

Typical low-field ESR spectra of CaFyp:Mn X ir-
ridinted at 70 K are shown in Fig. 1. Datn were
tnken at 70 K with n K-band spectrometer opernting
at v == 25,136 GHz, Thermal deeny of the Mn? signnl
has been previously discussed® and we coneentrate on
the resonnnee linea Inbeled 1 T, nnd 1V, An ghown in
the lower portion of the graph, these lines are highl;
dependent on the wngle between the applied anpgetie
lield and the (110) erystal axis. From the mensared
field position of these resounnee lines with respeet to
the rotation angle, nnd from their intensity entios, it is
coneluded that these hyperflie specten nee typien) of o
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FIGURE 1
Low field ESR spectra of irradinted CaF,:Mn,

hole trapped by two neavest- nnd next-nearest-neighbor
fluorine jous, all lying along the sume F7 molecular
axis, The thieesignals I, 11, and IV correspond to the
three differeit orientations of n seli-trapped hole with
respect 1o maguetic field. Furthermore, these lines nre
all photobleached when exposed to 315-min radiation,
and are therinally destroyed at 150 K, Besed on these
results we propo.e n model to explain the observed 150
an 1 200 K 'T'SL, emission of CaFgq:Mu,

Irrndiation at 70 K produces Vi anl I centers,
Mnt md Mu3t jens, and eleetrons, A Vi center
consists of a sell-tenpped hole localized between near
ucighbor substitutianal 7 dony, fe., it enn be viewed
ne n F7owmolecolar jon oriented alors the erystallo
graphic (100) divectior The I oeenter, sumilae to the
Ve eenter, is n self-t ed liole loeated bewween an
interstitinl ¥~ and nearest neighhor substitutionel 12
ion, oriented nlong o (117) direction, Self irnpped ex-
citons (eleetrons tenpped in the positier potentind of
Uy centers) may nlso he prodaeed by the endintion,
Upon wnrming Cnl'y:Mn to 150 K, three processes or-
eur: (D) hales fiom the Vi centers hecore mobile and
recotnbine with teapped electrons wherehy they pro
duc =TS enission nt 3w [T 4 e TN um‘,l,
(N Uy center Doles recombine with Mo ! g yiekd
ing exeited stnte Mt which deenys with chaineter
whie A i emission (Ve 8 Mo (M g e
{490 nun)] and () some finetion of the Vo centors pe

orient to produece the more thermnlly stable I conters

[Vic (reorient.) — H]. Upon further warming to near
200 K, the H-center holes become thermally unstable
and migrate to Mn* ions; they recombine, producing
cxcited-state Mn?* jons and concomitant 495-nm emis-
sion [H 4+ Mn* — (Mn?*)* + hv {405 nm)).

This model explains the TSL and ESI obscrvations
and is similar to on. previously suggested by Beanumont
¢t al® to deswribe TSL in thulimn-doped CaF;. We
note that they identified a broad. asymmetric emission
band peaking ncar 280 nm which was ascribed to scif-
trapped exciton (STE) luminescence. This lumines-
cence results from recombination of a self-trapned hole
with the clectron trapped in its positive potential, and
should be somewhat different than ordinary clectron-
hole recombination. Unfortunately our data do not
nllow us to make such a distinction. Nevertheless, we
suggest that 345-nm emission in CaF3:Mu is nssociated
with Vo centers enther than eevium inmpurity® m hns
been recently proposeu.

4. CONCLUSIONS

A model describing the 150 and 200 K TSL cmis-
sion in X-irradinted CaF3:Mn has been presented. At
150 K, TSL emission spectra peaks occur ot 345 and
495 nm, and are attributed to Vp-ceuter holes recom-
bining with electrons and Mn% jons, respectively. Somne
of the V) ceuters are also transforined to H cenlers.
Near 200 K the H-center holes hecome thenmally un.
stable nnd recombine with Mn? jons, yielding 495-nm
emissicn, No distinetion in nmde hetween STE lan
nrseeree and ordinary hole (Vg eenter)-electron recom-
hinntion, ‘The 345-nm cmission in CaFy:Mn is not ns-
socinted with cerium,
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